Nucleotides are increasingly recognized as nonredundant extracellular signals for chemotaxis, cell growth, and cytokine release. Effects of extracellular nucleotides are mediated by P2 receptors, among which the P2X 7 subtype is attracting increasing attention for its involvement in apoptosis, cell growth, and cytokine release. Recent studies showed that P2X 7 is overexpressed in chronic lymphocytic leukemia and breast and prostate cancer. The aim of the present study was to better understand the clinical significance of P2X 7 receptor expression in normal and cancer human thyroid tissues. P2X 7 receptor message and protein expression and functional activity were tested in two cell lines (FB1 and FB2) established from either anaplastic or papillary primary thyroid cancer and in several histological samples of human papillary cancer.
T HERE IS INCREASING awareness that the tumor microenvironment has a key role in tumor growth and invasion. The biochemical composition of this milieu is crucial for the modulation of cancer cell growth as well as the functions of infiltrating leukocytes. A major source of factors found in the tumor interstitium are the cancer cells themselves. Recent findings show that the concentration of adenosine is increased in the interstitium of tumors, and that this ATP metabolite may inhibit the antitumor immune response and thus enhance invasion and metastasis (1) .
The major source of extracellular adenosine is ATP (2) . It is now clear that virtually all cells, tumor cell included, release ATP via nonlytic mechanisms and that secreted ATP acts as an autocrine/paracrine stimulus by acting at P2 receptors. As extracellular mediators, nucleotides participate in the regulation of cell growth and differentiation and may also be involved in neoplastic transformation (3) . The P2 receptor subtype involved in these responses is, however, unclear. Recently overexpression of the P2X 7 receptor was shown in chronic lymphocytic leukemia, breast and prostate cancer (4 -6) , and neuroblastoma (7) . In addition, there is substantial evidence that the P2X 7 receptor may mediate cell survival and growth by increasing the efficiency of oxidative phosphorylation and total intracellular ATP stores (8) . Finally, we have shown that P2 receptor (P2R) stimulation triggers from healthy thyrocytes release of IL-6 (9), a cytokine with differentiating and growth-promoting effects in several endocrine glands (10, 11) .
Thyroid cancer appears in less than 10% of hypofunctioning thyroid nodules (12) . Papillary thyroid cancer, the most common histological type, accounts for approximately 60% of all thyroid cancers. It has a variable macroscopic appearance, depending on the underlying microscopic heterogeneity and the presence or absence of degenerative changes (13) . The histological variants can be challenging to the pathologist for the clinical implications; in fact, some experts contend that if these tumors are small and not invasive (the usual case), then simply removing the lobe that harbors the tumor and isthmus will provide as good a chance of cure as removing the entire thyroid.
Few studies have addressed the possible growth-promoting role of extracellular ATP in thyroid cancer and the role of the various P2 subtypes (14) . In the thyroid ATP is released by the rich autonomic innervation (15) , capillary endothelial cells (16) , and the thyrocytes themselves (9) . Several effects, ranging from stimulation of thyroglobulin secretion to mobilization of Ca 2ϩ , from mitogenesis to production of H 2 O 2 , from increased efflux of I Ϫ and Cl Ϫ to inhibition of forskolinstimulated Na ϩ absorption and modulation of cytokine release (9, (17) (18) (19) (20) , have been described in the Fisher rat thyroid cell line FRTL-5 (17) and cultured human thyrocytes (18) . Of particular relevance is the ability of thyrocytes to actively secrete ATP because this suggests that thyroid cells may be able to create and maintain an ATP-rich microenvironment within the gland.
In the present study, we show that the P2X 7 receptor is overexpressed in two cell lines of papillary and anaplastic carcinoma as well as histological samples of human thyroid neoplasms differing in histotype, staging, and grading of malignancy. In addition, we also show that thyroid cancer cells release an almost 3-fold higher amount of ATP, compared with normal thyrocytes. Thus, we suggest that the P2X 7 receptor may be a candidate marker of papillary thyroid cancer.
Materials and Methods

Cells and tissues
Two established human thyroid cancer cell lines were used: FB1 and FB2, the former derived from anaplastic carcinoma (21) and the latter from papillary cancer (22) . Cells were grown in DMEM containing 10% fetal calf serum, 100 IU/ml penicillin, and 50 g/ml streptomycin (all from Sigma-Aldrich, Milan, Italy) and harvested in PBS containing 2 mm EDTA.
Human thyrocytes obtained from freshly isolated thyroid tissue samples from six euthyroid patients undergoing total thyroidectomy for cold nodular goiter served as control cells. Tissue samples were dissected and minced with scissors into 1-to 3-mm pieces and incubated with 200 U/ml type II collagenase (Invitrogen, Grand Island, NY) in a shaking water bath at 37 C for 4 -6 h. Cells were then resuspended in DMEM supplemented with 10% fetal calf serum, 100 IU/ml penicillin, and 50 g/ml streptomycin (Sigma-Aldrich). Cells were counted and plated in 25 cm 2 Falcon primary tissue culture flasks (Becton Dickinson, Franklin Lakes, NJ), and incubated at 37 C in humidified incubator in the presence of 5% CO 2. Cells were used for experiments between the second and third passage after 7-8 d from plating and at 70 -80% confluence. As specific markers we used thyroglobulin mRNA expression and thyroxine release.
Thirty-seven histological samples of human papillary cancer (follicular and classical variants) were consecutively obtained. All the patients signed an informed consent allowing the use of part of the removed thyroid tissue for scientific purposes.
P2X mRNA and protein expression
P2X receptors were identified by RT-PCR and Western blot. Total RNA was isolated by cells and solid tissues using a RNeasy minikit (QIAGEN, Hilden, Germany), according to the manufacturer's instructions. Total RNA was eluted with 30 l RNase-free water. Residual genomic DNA was removed by incubating the RNA solution with 15 U of RNase-free DNase I in 2 mm MgCl 2 for 15 min at 37 C, followed by 5 min at 90 C to inactivate the DNase. Reverse transcription was performed using 1 g total RNA, random primers, and ImProm-II reverse transcriptase (Promega, Madison, WI) in a total volume of 20 l. The samples were incubated at 25 C for 15 min and then at 42 C for 60 min followed by 5 min at 70 C to inactivate the reverse transcriptase. The cDNA samples were stored at Ϫ20 C.
PCR was performed using the Cycler thermal cycler (Bio-Rad, Køben-havn, Denmark) in a standard 25-l reaction mixture containing 10 mm Tris-HCl, 50 mm KCl, 1.5 mm MgCl 2 (pH 8.3), 0.2 mm deoxynucleotide triphosphates, 20 pmol of each sense and antisense primer, and 2.5 U AmpliTaq DNA polymerase (Laboratories Eurobio, Les Ulis Cedex, France). The following primers were used: P2X 1 , 5Ј-CGCCTTCTTCT-TCGAGTATG-3Ј (forward), 5Ј-GGAAGACGTAGTCAGCCACA-3Ј (reverse) with annealing temperature of 55 C and the expected cDNA size of 248 bp; P2X 2 , 5Ј-CCACCATGGCCGCCGCCCAGCCCAAGTA-3Ј (forward), 5Ј-GGAAAGGAGCTCAGAGTTGAGCCAAACC-3Ј (reverse) with annealing temperature of 59 C and the expected cDNA size of 600 bp; P2X 3 , 5Ј-GAGAGTGAGGAGAAATACCG-3Ј (forward), 5Ј-CACTGGTCCCAGGCCTTG-3Ј (reverse) with annealing temperature of 60 C and the expected cDNA size of 437 bp; P2X 4 , 5Ј-TGCATTTAT-GATGCTAAAACA-3Ј (forward), 5Ј-CAAGACCCTGCTCGTAAT-3Ј (reverse) with annealing temperature of 60 C and the expected cDNA size of 521 bp; P2X 5 , 5Ј-CCGGGAGCGACTTCCAGGATATAG-3Ј (forward), 5Ј-GGCATGGGATCACTGGGTGCTAGAC-3Ј (reverse) with annealing temperature of 60 C and the expected cDNA size of 614 bp; P2X 6 , 5Ј-AAAAACAGGCCAGTGTGTGGTGTTC-3Ј (forward), 5Ј-TGCCT-GCCCGGTGACGAGGATGTCGA-3Ј (reverse) with annealing temperature of 60 C and the expected cDNA size of 520 bp; P2X 7 , 5Ј-AGATCGTGGAGAATGGAGTG-3Ј (forward), 5Ј-TTCTCGTGGTG-TAGTTGTGG-3Ј (reverse) with annealing temperature of 58 C and the expected cDNA size of 399 bp; and ␤-actin, 5Ј-CTCCTTAATGTCACG-CACGATTTC-3Ј (forward), 5Ј-GTGGGGCGCCCCAGGCACCA-3Ј (reverse). Amplified PCR products were run on a 2% agarose gel containing 0.5 g/ml ethidium bromide. The quantification of mRNA expression, relative to an internal control gene ␤-actin, was obtained by densitometric analysis using the system Kodak Digital Science 1D (Kodak Italia, Cinisello Balsamo, Italy). P2X 7 protein expression was analyzed by Western blot. Protein was extracted in ice-cold lysis buffer (Nonidet P-40 cell lysis buffer; Biosource, Camarillo, CA) containing 1 mm phenylmethylsulfonyl fluoride, 6 g/ml aprotinin, and 10 g/ml leupeptin for 30 min with vortexing at 10-min intervals. The extracts were used for electrophoresis on sodium dodecyl sulfate and 7.5% polyacrylamide gels and transferred electrophoretically to polyvinyl difluoride filters (Hybond-P; Amersham, Amersham, UK). After blocking 1 h with 10% nonfat dried milk in Tris-buffered saline containing 0.05% Tween 20, the membranes were incubated overnight at 4 C with P2X 7 antibody (Chemicon International, Temecula, CA) at 1:500 dilution in 2% BSA in 10 ml of Tris-buffered saline containing 0.05% Tween 20. The filters were washed and incubated for 1 h with protein A peroxidase conjugated (Calbiochem, Cambridge, MA) at 1:3000 dilution. Bands were visualized by enhanced chemiluminescence (Amersham).
Immunohistochemistry
Ten percent formalin-fixed, paraffin-embedded blocks routinely prepared from surgical specimens of 37 cases of thyroid tumors were examined. Tissue sections 5 m thick were deparaffinized in xylene and dehydrated in a graded ethanol series. Anti-P2X 7 antibody (SigmaAldrich) was used at the dilution of 1:100; this marker was stained with Ventana Medical Systems and revealed with a biotin-free immunoperoxidase procedure. The evaluation of immunostaining was performed as previously reported (5), classifying the cases into four categories according to number of positive cells in the specimens as follows: Ϫ, less than 10%; ϩ, from 10 to 25%; ϩϩ, from 25 to 75%; ϩϩϩ, greater than 75%.
Real-time PCR
Real-time PCR of endogenous control gene (glyceraldehyde-3-phosphate dehydrogenase) and target gene (full-length P2X 7 ) was performed with TaqMan probes Fam dye, commercially available as Assay on Demand (Applied Biosystems, Foster City, CA), with optimized primer and probe concentrations. Quantitative PCR was performed in the iCycler iQ real-time PCR detection system (Bio-Rad) in 96-well plates, and the reaction was performed in a final volume of 25 l. All quantitative PCR mixtures contained 2 l of cDNA template, 1ϫ TaqMan universal PCR master mix (two times) (Applied Biosystems, Foster City, CA) and 1ϫ Assay on Demand gene expression assay mix (20 times). Cycle conditions were as follows: after an initial 2-min hold at 50 C to allow AmpErase-UNG activity and 10 min at 95 C, the samples were cycled 40 times at 95 C for 15 sec and 60 C for 1 min. The data obtained were analyzed using Gene Expression Macro (version 1.1; mathematical model Jo Vandesompele; Bio-Rad).
Intracellular calcium concentration
Thyrocytes were detached from flasks, seeded onto glass coverslips, and after 24 -48 h, they were loaded with the Ca 2ϩ indicator fura-2/AM free saline solution). Coverslips were mounted in a temperature-controlled magnetically stirred cuvette at 37 C. Fluorescence was measured with a fluorometer (PerkinElmer Ltd., Beaconsfield, UK). The excitation was at 340 -380 nm and emission at 510 nm. Ca 2ϩ concentration was calculated using the FLwinlab software (PerkinElmer) (23) .
IL-6 secretion
IL-6 release was measured by an ELISA using a biotin-conjugated monoclonal anti-IL-6 antibody (Bioscience, San Diego, CA). The assay sensitivity was less than 2 pg/ml, and the interassay coefficient of variation was 5.2%.
Extracellular ATP quantification
ATP levels were measured by luminometric assay, using the ATP-Lite luminescence ATP detection assay system (PerkinElmer), a high-sensitivity detection system (down to five cells in 100 l medium) with high reproducibility and long half-life of the light emission (Ͼ5 h). Moreover, this system ensures an efficient inactivation of ecto-ATPases, thus avoiding underestimation of extracellular ATP concentration. Cells were seeded at a concentration of 5 ϫ 10 3 cells/well in microtiter plastic dishes in a total volume of 100 l of culture medium. Before ATP measurements, cells were rinsed and supplemented with 100 l of ATP-Lite (buffer solution ϩ substrate solution with luciferase-luciferin assay; PerkinElmer). Cells were directly placed into the test chamber of the luminometer, and light emission was recorded and converted into ATP concentration (extracellular ATP). Cells were then shaken for 5 min in the presence of lysis solution and measurements repeated to determine total ATP levels; intracellular ATP was calculated by subtraction.
Statistical analysis
Results are expressed as mean Ϯ sd. Statistical comparisons between treatments were performed by ANOVA; comparisons between groups were performed by t test for paired data or two-way ANOVA. Post hoc comparisons were carried out with the use of the Bonferroni-Dunn test. P Ͻ 0.05 was considered significant.
Results
P2X 7 receptor is abundantly represented in human papillary thyroid carcinoma
Several reports over the last few years have associated the expression of the P2X 7 receptor to malignant tumors (4 -7). Figure 1A shows RT-PCR amplification of P2X 7 receptor message from two specimens of thyroid papillary carcino- mas and healthy contralateral nonneoplastic lobe. The P2X 7 receptor message was well amplified from the tumor samples, much less so from the healthy lobe. A total of 37 samples of papillary cancer (26 classical variant and 11 follicular variant) were screened for P2X 7 expression. Summary densitometry data are also shown. Intensity of the P2X 7 receptor band was almost twice as strong in the tumors, compared with healthy tissue. Tissue specimens were processed in parallel for immunohistochemistry with anti-P2X 7 antibodies. As shown in Fig. 1 , B and C, there was a strong P2X 7 reactivity in the cancerous tissue (Fig. 1C) but not in normal thyroid tissue of the same individual (Fig. 1B) . Malignant thyrocytes showed a diffuse staining throughout the cytoplasm, at times with an intensification over the cell periphery. A few cells, likely infiltrating immune cells, also looked positive in the stroma. A faint positivity was also seen in the stroma of the healthy sample, in this case also likely due to infiltrating inflammatory elements. In Fig. 1D , P2X 7 expression from cancerous and healthy tissue was quantitated by real-time PCR. Like the densitometric analysis shown in Fig. 1A , realtime PCR revealed that the P2X 7 receptor message was about twice more abundant in the tumor than in healthy tissue. This difference was also maintained when the tumor population was split into the follicular and classical variants, and each variant individually compared with healthy tissue.
Characterization of P2X receptors in tumoral thyroid cell lines
Despite anecdotal evidence of association with the P2X 7 receptor to the cancerous phenotype, the underlying biochemical factor that might provide a mechanistic link between this receptor and malignancy are unknown. To tackle this issue, we turned to two widely used neoplastic thyroid cell lines derived from anaplastic carcinoma (FB1) or papillary cancer (FB2) and compared them with human primary normal thyrocytes. Micrographs of monolayers from the three cell lines are shown in Fig. 2A. Figure 2 , B and C, shows that all three cell types express P2X 7 receptor message and protein but the cancerous cell lines to higher level. Besides P2X 7 , the FB2 cells also express all other P2X receptor subtypes, with the exception of P2X 1 (data not shown).
P2X 7 receptor is functionally active in tumoral thyroid cell lines
To explore thyroid cell responses to nucleotide stimulation, we performed a thorough investigation of Ca 2ϩ changes triggered by ATP, BzATP, and UTP. ATP, which is a pan-P2R agonist, caused a large increment in intracellular free calcium concentration ([Ca 2ϩ ] i ), whether in the presence or absence of extracellular Ca 2ϩ (Fig. 3) , in both FB1 and FB2 cell lines. In the absence of extracellular Ca 2ϩ , however, the fast early spike (due to both Ca 2ϩ release from intracellular stores and influx across the plasma membrane) was reduced by 50%, and the delayed increase (almost exclusively due to influx across the plasma membrane) was obliterated. The ATP threshold for the [Ca 2ϩ ] i increase was about 10 -20 and 100 -200 nm in the presence or absence of extracellular Ca 2ϩ , respectively, in both FB1 and FB2 cell lines. Pretreatment of the cells with the P2X covalent inhibitor oxidized ATP (oATP) reduced by 60 Ϯ 12% in FB1 and 71 Ϯ 15% in FB2 the maximal response to ATP.
We also tested the effect of BzATP, an agonist at P2X 1 and P2X 7 as well as P2Y 11 receptors. As shown in Fig. 4 ] i increase (Fig. 5) , suggestive of the involvement of at least two P2Y receptor subtypes. On the contrary, in Ca 
Extracellular nucleotides induce IL-6 release from tumoral thyroid cells
In our previous work (9), we reported that extracellular nucleotides triggered release of IL-6 from normal thyrocytes. IL-6 is an important cytokine in thyroid pathophysiology, also mediating interactions between thyrocytes and infiltrating immune cells (24, 25) . As reported in Fig. 6 , basal IL-6 release from FB1 and FB2 cell lines was about 2-to 4-fold higher than from freshly isolated normal thyrocytes. However, as in normal thyrocytes, incubation in the presence of apyrase decreased IL-6 release about 20% (all P Ͻ 0.05 vs. unstimulated cells), hinting at the operation of a purinergic loop-controlling basal IL-6 release. Exogenous ATP increased the spontaneous IL-6 release in a dose-dependent fashion in the three cell types; pretreatment of the cells with oATP completely abrogated ATP-stimulated IL-6 release (Fig. 6A) . Different from ATP, BzATP was inactive in nonneoplastic thyrocytes, strongly suggesting lack of coupling of the P2X 7 receptor to release of this cytokine, whereas it was a potent stimulus for IL-6 secretion in both cancer lines (Fig.  6B) . The P2X 7 antagonist 4[2-[(5-isoquinolinylsulfonyl)methylamino]3-oxo-3-(4-phenyl-1-piperazinyl) propyl]phenyl ester (KN62) blocked the release of the inflammatory cytokine in these cell lines, a finding that further reinforces the participation of this receptor in IL-6 release.
Thyroid carcinoma lines show high extracellular ATP in the pericellular space
Autocrine/paracrine stimulation by extracellular ATP may promote cytokine secretion or cell growth; thus, we investigated thyroid cell lines and normal thyrocytes for nonlytic ATP release. Both thyroid carcinoma lines maintained in the pericellular space an at least 3-fold higher ATP concentration, compared with healthy thyrocytes (255 Ϯ 26, 222 Ϯ 31, and 80 Ϯ 18 nmol/liter in FB1, FB2, and normal thyrocytes, respectively; P Ͻ 0.001 vs. normal thyrocytes for both FB1 and FB2). The difference in the intracellular ATP concentration was even more striking, because whereas normal thyrocytes had a total ATP content of about 2.6 Ϯ 0.4 mmol/liter, i.e. within the usual range typical of mammalian cells, FB1 and FB2 carcinomas showed an intracellular ATP level of 13.4 Ϯ 1.2 and 12.1 Ϯ 1.0 mmol/liter, respectively, i.e. about 4-fold higher than normal thyrocytes (both P Ͻ 0.001 vs. normal thyrocytes).
Discussion
Thyroid cancer accounts for less than 1% of all cancer deaths; however, some patients develop local recurrences and distant metastases. Patients at high risk are usually diagnosed on the basis of clinical evaluation (age, local invasion, metastases), and the histological finding of poorly differentiated subtypes (trabecular, insular, solid). However, the relative weight of these features and the prognostic significance of additional parameters, such as lymph nodal metastases, is controversial (26) . One of the most serious challenges in presurgical screening of thyroid nodules is the differential diagnosis between adenomas and carcinomas, as witnessed by the common observation that almost 20% of nodules with follicular pattern at cytological examination turn out to be cancers after histological analysis. Availability of cytological markers of malignancy would be of great help to avoid unnecessary surgical operations and subject cancer patients to proper therapy as early as possible.
In a previous study, we found that extracellular nucleotides acting at P2 receptors promote release of IL-6 from normal thyrocytes. In addition, the inhibitory effect of the enzyme apyrase on basal, nonstimulated IL-6 release suggested that thyrocytes spontaneously released ATP (9) . An overwhelming body of literature data show that purinergic signaling supports embryogenesis, cell growth, and differentiation and is even involved in cell death. In addition, expression of functional P2 receptors has been documented in several malignant cell lines, including MCF-7 breast, endometrial, prostate, and colorectal cancer cells; ovarian cells; and HL-60 leukemia cells (27) (28) (29) .
Among P2 receptors, P2X 7 is of unusual interest because it is overexpressed by several tumors (4, 6, 30) but surprisingly barely detectable in normal thyrocytes (9) . Very interestingly, PCR and histochemistry data show high P2X 7 expression in samples from thyroid papillary carcinomas, whether of the classical or follicular variant. Cell lines established from thyroid cancers also showed P2X 7 overexpression. The P2X 7 receptor was not only expressed in thyroid cancers but also functional, at further variance with nonneoplastic thyrocytes. In fact, whereas, in our previous study in normal thyrocytes we were unable to detect functional responses linked to P2X 7 receptor stimulation, in cancer thyrocytes activation of the P2X 7 receptor is coupled to [Ca 2ϩ ] i changes and IL-6 secretion. In the FB1 and FB2 cell lines, the Ca 2ϩ response to the global P2 agonist ATP is brilliant; the reduced response, in terms of both early spike and delayed increase, in the absence of external Ca 2ϩ , suggests a strong contribution of extracellular Ca 2ϩ influx (either capacitative or via P2 receptors) to intracellular Ca 2ϩ levels. In contrast to that previously described in normal thyrocytes (9), BzATP triggers a large Ca 2ϩ influx in both FB1 and FB2 Fig. 5 ) is intriguing because it suggests expression by cancer thyrocytes of at least two different P2Y receptor subtypes with very different affinities.
The striking [Ca 2ϩ ] i response triggered by BzATP in tumor thyrocytes is paralleled by the effect on IL-6 release. As reported previously, normal thyrocytes are unable to secrete this cytokine in response to BzATP; on the contrary, in FB1 and FB2 cells, BzATP is a powerful stimulus, causing an IL-6 release about half of that caused by the pan-P2 stimulus ATP. The specific role of P2X 7 receptor in mediating this response is strongly supported by the lack of such effect in cells pretreated with the selective human P2X 7 blocker KN62. The IL-6-secreting activity of BzATP appears particularly important, given the documented role of this cytokine in the pathogenesis of malignancies. The IL-6 ability to induce paraneoplastic syndromes is well known (31) , and its local expression correlates with degree of aggressiveness in papillary and medullary thyroid cancers (32) .
Assignment of a functional role to receptors for extracellular ATP implies by necessity the presence of the physiological agonist in the extracellular milieu. Therefore, an obvious, but as-yet-unproved, assumption is that the tumor microenvironment contains enough ATP to activate P2 receptors, including perhaps the low-affinity P2X 7 . Although we did not measure the actual ATP levels in the thyroid gland interstitium, we found that the ATP concentration in the supernatants of FB1 and FB2 cells was about 3-fold higher than in the supernatant from normal thyrocytes. This observation shows that cancer cells keep a high extracellular ATP concentration and suggests that this might be a feature of the tumor microenvironment. Recent data show that malignant tumors have a higher extracellular adenosine level (1) that might function as an actual immunosuppressive factor. There are two main avenues that drive accumulation of extracellular adenosine: direct transport by plasma membrane carriers and generation from extracellular ATP thanks to the sequential activity of ecto-ATP/ADPases and 5Ј-nucleotidase. Thus, the high intratumor adenosine level strongly suggests that the ATP concentration of the tumor interstitium might also be high, in keeping with our in vitro measurements. Autocrine/paracrine stimulation of IL-6 release by extracellular ATP provides a stimulatory loop that might have a relevant role in supporting thyroid cancer cell growth.
In conclusion, our findings show that human thyroid cancer cell lines, in contrast to normal nonneoplastic thyroid tissue, express high levels of functionally active P2X 7 receptor coupled to Ca 2ϩ fluxes and IL-6 release; moreover, high levels of these receptors are found in histological samples of human papillary cancer. Further studies in isolated primary cells from fine-needle aspirations are needed to confirm whether the P2X 7 receptor might be a novel biomarker to differentiate normal from cancerous thyroid tissue, thus opening the way for a future use of P2X 7 agonists/antagonists in the clinical practice. 
